Abstract. We propose a new method to investigate stress homogeneity along plate boundaries based on the cumulative misfit of individual fault plane solutions, calculated using assumed stress tensors. Using this method, some segments of faults can be defined, without the time-consuming inversions for stress directions from earthquake fault plane solutions. We assume that the misfits are relatively constant within segments of uniform stress orientation but that they change abruptly at boundaries of segments. This observation may be interpreted as due to decoupling within the underthrusting plate along the zones of weakness (the fracture zones) across which stress may not be transmitted fully. The boundaries defined by our method may also be related to the asperity and aftershock distributions of great earthquakes. The focal mechanism data in the segments defined as stress-homogeneous by our method are then used to invert for the principal stress orientations by employing the Focal Mechanism Stress Inversion (FMSI) computer programs of Gephart. We find that the stress directions within these segments are different from each other, where they can be defined well, and the average misfits in these volrunes are very small (2.8 ø and 5.5ø).
proposed that the western Aleutian arc is composed of discrete clockwise rotating and westward translating blocks, which are bounded by submarine canyons oriented transverse to the arc. In their models, the transverse canyons are formed by differential rotation and along-arc translation of blocks of the arc massif. This segmentation is also used as the basis for estimating the seismic potential and time to failure in the Alaska-Aleutians region [Bufe et al., 1994] .
The earthquake focal mechanism data in an area can be used to infer the stress tensor orientation. As earthquakes can occur along faults which are preexisting planes of weakness [McKenzie, 1969] , it is not necessarily correct to interpret the P and T axes as the directions of the greatest and least principal stresses. By assuming that the slip on the fault plane occurs in the direction of the resolved shear stress [Bott, 1959; McKenzie, 1969] and that the stress orientation is homogeneous in the study area lAngelief, 1979], Gephart and Forsyth [1984] developed an inversion algorithm which finds a best fitting principal stress tensor to a group of earthquakes by a grid search over a range of possible models. The potential pitfall of this inversion •nethod is that a composite stress tensor may be obtained if the data set is composed of sets from more than one volume with significantly different stress orientations [Michael, 1987] and that this solution may not readily be identified as incorrect. Therefore care must be taken to identify reasonably homogeneous populations of data. The portion of the average misfit, F, that could be due to fault plane solution errors of approximately 10 ø was estimated as ranging up to F-6 ø, based on synthetic data sets [Wyss et al., 1992; Gillard and Wyss, 1995] . In no data set can we be certain what portion of the average misfit is due to errors of the fault plane solutions and what is due to stress heterogeneity. However, since values of F _< 6 ø can be explained by modest errors in the fault plane solutions, we will accept results with F <_ 6 ø as satisfying the homogeneity requirement. Inversions with F > 6 ø will be suspect of containing some heterogeneous data, although errors in fault plane solutions of approximately 15 ø may occur and contribute to an increase of F into the range 6 ø < F < 9 ø. The most informative criterion on homogeneity that we will employ is the following: if subsets of data can be formed by dividing as a function of space or time which results in a substantial reduction of F (say from F '• 6 ø to F _• 3ø), then we conclude that part of the initial misfit was due to heteroõeneity.
In this paper, a new method is used to investigate the segmentation of major plate boundaries or faults. We hypothesize that stress directions are uniform within segments of the plate boundaries and that they change abruptly across the boundaries between the segments. If this is the case, we should be able to define segments of constant slope in misfit plots. Within each segment we will then be able to calculate meaningful stress directions by inversion of the fault slip data. If we can show that this method works, we will be able to avoid extensive computing, which is necessary if we try to delineate segments of constant stress directions by iterative inversions of many subsets of the data. In this paper we will use the computing-intensive approach of inverting for many data sets using a sliding window, in order to confirm the cumulative misfit method. The statistical significance of our method to identify the segment boundaries is tested quantitatively. We use this method to estimate the segmentation of the Aleutian arc. The relationships between the boundaries of the proposed segmentation along the Aleutian arc, the tectonic features of the oceanic plate, and the asperity boundaries of the great earthquakes are also discussed.
Method
We assume the stress in a particular large volume is heterogeneous as a whole but can be considered homogeneous in subvolumes. Our purpose is to find where the segmentation boundaries may be located. We propose as a reference tensor the stress model that, fits well a subgroup of earthquakes and then calculate the misfit of each individual earthquake with respect to this stress model. The stress model is defined by the azimuths and plunges of the three principal stresses and the measure of stress magnitude, R, indicating the magnitude ratio of the intermediate principal stress relative to the two extreme ones (R = (a2-al) / (era-or1), where and era are greatest, intermediate, and least principal stress). The misfit is defined as the smallest rotation angle about an axis of any orientation that would bring the direction and sense of slip, associated with either of the two observed nodal planes, into agreement with the direction and the sense of slip predicted by the stress model.
Earthquakes happen in a three-dimensional space. But the distribution of earthquakes along a major fault or a plate boundary can be simplified into one-dimensional space, that is, by specifying the direction along the strike of the fault and neglecting the depth as a spatial parameter. We order the earthquakes sequentially from one end of the fault to the other. The plot of the cumulative misfit as a function of the earthquake number can then be used to derive some information about the segmentation of the fault [Wyss and Lu, 1995] .
In our method, the statistical significance of the stress differences across a boundary of two segments can be quantitatively expressed by the z test (number of samples greater than 30) or the t test (number of samples We estimated the stress directions using the Focal Mechanism Stress Inversion (FMSI) computer codes of Gephart [1990] earthquake number 50 to 78, that is, five preshocks and 24 aftershocks, and (3) earthquake number 81 to 122, respectively. Using the z test, we find that sequence 1 is similar to sequence 3, but both are significantly different from that of sequence 2 at the 99% confidence level (Figure 2a) . We conclude that the 1986 preshock and aftershock sequence is more homogeneous than earthquakes that occurred at other times in the western Aleutian arc. This difference may be interpreted in two ways. Either the stress tensor was more homogeneous during the preshock and aftershock sequence, or the fault of data segments in the lower plot, dashed lines connect . some points of the two distance scales. In the cumulative misfit curve we notice that differences in slope (mean misfit) exist but that within segments the slope is fairly constant. This is consistent with our hypothe.-sis that the stress tensor orientation is constant within segments of the plate boundary and that differences between segments can be measured quantitatively. The statistical significance levels of the differences in mean misfit between neighboring segments are also shown in Figure 3 .
The most significant change of the slope of the cumulative misfit (Figure 3 ) takes place near earthquake number 45, which corresponds to a longitude of about 177.5øE. The second most significant change of the slope occurs near 149øW longitude and corresponds to the earthquake number 375, approximately. The mean misfits of the segment west of 177.5øE and the one east of 149øW are different at the 99% level from any segment of the sequence, and these segments are apparently separated from the rest by the two most pronounced boundaries. We will call them boundaries A1 and A2.
Between A1 and A2, there exists an additional highly significant (99% confidence) boundary, A3, which is located near 173øW (event 218). 
Confirmation of Segment Boundaries by Stress Inversion in Moving Windows
We performed stress inversions in a moving window along the strike of the Aleutian arc to check on the reliability of the segmentation boundaries derived based on the cumulative misfit curves. This method is based on the assumption that average misfit angles will become bigger if the segmentation boundaries fall within the window. Therefore the segmentation boundaries should be near the peaks of curves of average misfit versus window position. The procedure of stress inversion in a moving window is as follows. The focal mechanism data are inverted using FMSI codes for earthquakes within the window. The average misfit angle is determined, • 5 (b)
• .
• ' .
• order and second-order refer to our ability to resolve the presence of the boundary; however, they may not necessarily describe the degree of tectonic significance.
Principal Stress Orientation
The Aleutian arc can be divided into five major segments based on the locations of first-order boundaries (Figure 6 and 7) ß the first is from 170øE to boundary A1, the second is from boundary A1 to B6, the third is from B6 to A3, the fourth is from A3 to B3, and the last is from B3 to A2. Segments 2, 3, 4, and especially segment 5 can be further divided into several subsegments. most north-south horizontally, and the least principal stress plunges vertically. The 95% confidence region of Discussion the greatest principal stress is completely resolved from that of the least principal stress. In segment 2, the The method of plotting the cumulative misfit as a greatest principal stress has similar orientation to that function of space along arc has been used to investigate in segment 1. The direction of least principal stress the segmentation of the Aleutian main thrust zone. The changes from vertical in segment I to horizontal in seg-dependence of the results on the stress model used to ment 2. The 95% confidence region of the least principal calculate misfit was investigated. The overall best fitstress is resolvable from that of the greatest principal ting stress tensor is not suitable for our method because stress but not from the intermediate principal stress. it evenly distributes errors among all segments. We find
The greatest principal stress in segment 3 shows an az-that seven of the boundaries are identified using the 
